Spatial variability of surface hydraulic properties and the extrinsic (e.g., traffic, cropping, etc.) and intrinsic (e.g., soil type, pore size distribution, etc.) factors associated with these properties are important for infiltration and runoff processes in agricultural fields. Disc infiltrometers measured infiltration at 296 sites arranged on two parallel transects. To examine and differentiate the factors contributing to spatial structure under different field conditions these measurements were made in the corn rows, no-track interrows, and wheel track interrows of the field using four different soil water tensions Ψ (0, 30, 60, and 150 mm). Unsaturated hydraulic conductivity (K) and saturated hydraulic conductivity (K s ) were maximum in the corn rows and minimum in wheel track interrows, with no-track interrows intermediate. Exponents (α parameters) of K s and K relationships (K = K s exp −αΨ ) for corn rows and no-track interrows were not significantly different from each other but were significantly different from a for the wheel track interrows at P = 0.01 level. Spatial variability of K and K s values showed some pseudoproportional effect in nugget variance for all three field conditions. No-track interrows clearly showed an inverse trend for semivariogram of K with changing tension (Ψ) values, whereas differences were found for corn rows and wheel traffic interrows. The spatial structure of a for all three field conditions were mostly white noise. Under corn rows, in addition to random variation, a small five-row periodic variation at the P = 0.20 level, matching the five-row traffic configuration, was discovered. The spatial structure of α was influenced by soil type for the no-track interrows. Spatial structure was absent in wheel track interrows, indicating the destruction of pore structure due to compaction. showed some pseudoproportional effect in nugget variance for all three field conditions. No-track interrows clearly showed an inverse trend for semivariogram of K with changing tension (•) values, whereas differences were found for corn rows and wheel traffic interrows. The spatial structure of a for all three field conditions were mostly white noise. Under corn rows, in addition to random variation, a small five-row periodic variation at the P = 0.20 level, matching the five-row traffic configuration, was discovered. The spatial structure of a was influenced by soil type for the no-track interrows. Spatial structure was absent in wheel track interrows, indicating the destruction of pore structure due to compaction.
Introduction
Surface conditions of a field influence the infiltration of water into the soil profile. At the beginning and receding periods of a storm event, when the soil is not saturated, unsaturated hydraulic conductivity (K) of the thin surface s0i! affects the vertical infiltration process. Moreover, saturated hydraulic conductivity (Ks) of the surface layer will influence overland runoff produced relative to the downward infiltration in the subsoil during a storm event. Earlier studies [Edwards et al., 1979 [Edwards et al., , 1988 0043-1397/94/94WR-01052505.00 and Luxmoore, 1986; Wilson and Luxmoore, 1988] revealed that more than 70% of water flux can move through the macropores. Meek et al. [1989] found 2 to 3 times increase in the infiltration rates over a 3-year period for a field under flood irrigation practice planted to alfalfa. The authors attributed the increase to flow through root channels. $hirmohammadi and Skaggs [1984] conducted experiments to determine the effects of different factors including plant cover on infiltration into columns of fine sand. They found that rescue roots loosened the soil and increased the hydraulic conductivity by an average of 40% over soybeans and 80% over bare soil. Surface soil conditions, resulting from different tillage practices and/or wheel traffic compaction, likely will contribute to spatial variation of the soil macroporosity, thereby altering the hydraulic properties. Disregarding these factors may confound the interpretation of infiltration and runoff results. Barley [1954] found that the growth of corn roots compacted the soil between the root channels and greatly reduced the permeability, and macropores formed in corn rows as a result of root decomposition increased the permeability. Meek et al. [1990] showed that the depth and size of the alfalfa taproot system produced an extensive macropore flow system, resulting in high infiltration rates when the roots decomposed. Warner and Young [1991] 
Theory of Spatial Analysis
Geostatistics offer a variety of techniques to fabricate models for transport processes as realizations of space-time random functions. Two basic assumptions used in geostatistics are ergodicity and stationarity of the data. Ergodicity refers to the assumption that the unique realization available behaves in space with the same probability density function as the ensemble of possible realizations. Stationarity means that any statistical property of the medium does not change with translation thus it is stationary in space, that is, the property is said to be statistically homogenous. Because second-order stationarity [Journel and Huijbregts, 1978, p. 32] has often been violated [Horowitz and Hillel, 1983 ], a weaker intrinsic hypothesis [Matheron, 1963] is often used to simplify the analysis. Under this assumption the classical semivariogram estimator [Matheron, 1963] 
where •,l(h), y2(h), '", yn(h) are contributions from several semivariogram models. Small-scale variability (e.g., microheterogeneity), large-scale variability (e.g., soil type effect), directional trend (e.g., due to land slope), and periodicity (e.g., due to field traffic configuration) are some of the typical variations found in hydrology and soil science. Data for all four tensions, under the three types of field conditions, fit a lognormal distribution better than a normal distribution. Therefore all the K data were loge-transformed before spatial analysis. Table 3 shows statistics for the a parameter under the three field conditions. Mean values for a for corn row and no-track interrow were not significantly different at the 0.01 probability level, but both were significantly different from the a for the wheel track interrow. CV values, however, were similar for all three field conditions (44% for corn row, 47% for no-track interrow, and 42% for wheel track interrow). The CV of a was found to be much smaller than the ½V of K and Ks for all three field conditions. This indicates that a is a more homoscedastic parameter. Furthermore, a larger range of a was observed for wheel track interrow compared to the other two field conditions. The ShapiroWilk normality test for a showed a better fit with the lognormal distribution than the normal distribution. Thus follow-up spatial analyses were conducted for loge(a) in corn rows, no-track interrows, and wheel track interrows.
Spatial Analysis of K
Analysis of drift along the transect indicated no significant drift in K at any tension under any field condition. 
